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Coﬁlin1Compaction, occurring at the eight-cell stage of mouse development, is the process of cell ﬂattening and
polarization by which cellular asymmetry is ﬁrst established. During this process many molecules and
organelles undergo polarized distribution, but the cytoskeletal basis for these distribution speciﬁcations
remains to be explored. The present study focused on coﬁlin1, an actin-binding protein that depolymerizes
actin ﬁlaments. We showed that coﬁlin1 expression decreased at the compaction stage, and that down-
regulation of coﬁlin1 expression by siRNA microinjection accelerated compaction. Continuous observation
using time-lapse video miscroscopy conﬁrmed these ﬁndings. That is, the embryonic cells microinjected with
anti-coﬁlin1 antibody exhibit earlier adherence properties compared to uninjected cells. Pronuclear
microinjection of a site-directed mutated coﬁlin1 plasmid, in which coﬁlin1 is sustained in its active form
produced embryos with blastomeres that did not adhere, suggesting that inactivation of coﬁlin1 is critical for
cell ﬂattening and adherence. Fluorescein-phalloidin staining indicated that decreased coﬁlin1 expression
promoted the formation of the apical pole, which is a marker for polarity. Scanning electron microscopy
results demonstrated the appearance of microvilli on the outer face of blastomeres in coﬁlin1 knockdown
embryos. Our results suggest that coﬁlin1 plays an important role in cortical cytoplasmic organization during
embryo compaction.
© 2009 Elsevier B.V. All rights reserved.1. Introduction
Asymmetries within blastomeres are ﬁrst observed at the eight-
cell stage in the mouse embryo as part of a process called compaction.
Compaction is the ﬁrst morphogenetic event in embryogenesis, and is
also crucial for cellular diversiﬁcation into trophectoderm and inner
cell mass lineages, and subsequent development. During this process
adjacent blastomeres ﬂatten against one another and establish cell–
cell contact. Subsequently, a number of polarized cellular changes
take place including increased intercellular ﬂattening, formation of
tight junctions [1,2], gap junctions [3,4] and cytoskeletal connections
[5] between blastomeres, and development of polarized intracellular
structures and organelles [6]. E-cadherin, fordin and PKC participate
in cell–cell contact after compaction [7-9], in contrast to Par3 that
localizes to the apical plasma membrane [10]. E-cadherin has been
reported to play a critical role during embryo compaction [11-13], and
its binding with β-catenin and α-catenin is essential for initiatingt Tel.: +86 10 64807299; fax:
; fax: +86 25 86862908.
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ll rights reserved.cell–cell adherens junctions and tight junctions [14,15]. Studies have
implied that α-catenin binds actin ﬁlaments and guides the
establishment of cell polarity through linkage to the cortical actin
cytoskeleton [16,17]. During compaction, cytoskeletal structures
develop a polarized architecture; however, a number of questions
pertaining to the components of proteins that regulate cytoskeleton
dynamics remain unanswered and require further study. The
cytoplasmic cytoskeleton undergoes pronounced modiﬁcations
when the cleavage-stage embryo compacts [18]. Microvilli become
restricted to the apical region, and microtubules and mitochondria
become localized beneath the apposed cell membranes [19,20]. These
striking changes of the cell surface and cortical cytoplasm likely
contribute to the generation and maintenance of a polarized
phenotype; however, the underlying molecular mechanisms for the
rapid dynamics of actin ﬁlaments are still unclear.
Coﬁlin1 (CFL1) is an actin-binding protein that promotes actin
dynamics by depolymerizing and severing preexisting ﬁlaments
[21,22]. Phosphorylation at Ser3 by LIM or TES kinases inactivates
coﬁlin1, resulting in the accumulation of actin ﬁlaments [23-26].
Additionally coﬁlin1 participates in the establishment of polarity in
ﬁbroblast cells and neurons [27,28]. The present study was conducted
to examine the role of coﬁlin1 in early mouse embryo development.
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All experiments requiring the use of animals received prior
approval from Nanjing Medical University.
2.1. Collection and preparation of oocytes and preimplantation embryos
Mature, metaphase II-arrested mouse oocytes were collected from
ICR strain mice. ICR females were superovulated by consecutive
intraperitoneal injections of PMSG (10 IU) and hCG (10 IU) 48 h apart.
Approximately 15–17 h after hCG injection, oocyte–cumulus com-
plexes were released from the oviducts into Hepes-buffered CZB
medium. Cumulus cells were dispersed with 1 mg/ml hyaluronidase
(Sigma, St. Louis, MO), and oocytes were collected for subsequent use.
Embryos at speciﬁc developmental stages were collected from
superovulated ICR female mice mated with ICR males, as previously
described and were ﬂushed from the reproductive tract at the
pronucleus stage (20 h post-hCG), and the 2-cell (43–45 h post-
hCG), 4-cell (58–60 h post-hCG), morula (76–78 h post-hCG) and
blastocyst stages (96–98 h post-hCG) in Hepes-buffered CZB medium.
2.2. Immunoﬂuorescence and confocal microscopy observation
Embryos were ﬁxed in 4% paraformaldehyde for 20 min and
permeabilized by transfer into PBS containing 0.5% (w/v) Triton X-
100 for 30 min at 37°C. After two washes with PBS containing 0.01%
Triton X-100 and 0.1% Tween, embryos were incubated in a blocking
solution (PBS containing 1% BSA) and then incubated with 1:1000
diluted anti-coﬁlin1 rabbit polyclonal antibodies (Abcam, Cambridge,
UK) overnight at 4°C. After three washes, the oocytes/embryos were
incubated with a 1:100 diluted ﬂuorescein isothiocyanate (FITC)-
labeled goat-anti-rabbit second antibody (Beijing ZhongShan Bio-
technology CO., LTD, Beijing, China) for 1 h, followed by three washes
(5 min each). For ﬁlament staining, samples were incubated in 1:200
diluted Texas Red-phalloidin or ﬂuorescein-phalloidin (Invitrogen,
Carlsbad, CA) in PBS for 30 min at 37°C, followed by three washes.
Finally, embryos were mounted on slides with an antiﬂuorescence-
fade medium (DABCO). Samples were examined with a laser-
scanning confocal microscope (ZEISS LSM510 META, Germany). The
experiments were replicated at least three times. The same instru-
ment settings were used for each replicate.
2.3. Western blotting analysis
Morphologically normal 4-cell embryos andmorulae (150embryos/
sample) were collected in lysis buffer at different time points and
frozen at −80°C until further use. The proteins were separated by
SDS–PAGE followed by transfer to nitrocellulose membranes (Amer-
sham Biosciences AB, Uppsala, Sweden). The membranes were then
blocked in Tris-buffered saline (TBS) containing 5% skim milk powder
for 2 h and incubated overnight at 4°C with 1:4000 diluted anti-
coﬁlin1 rabbit polyclonal antibodies (Abcam, Cambridge, UK) or
1:1000-diluted anti-β-tubulin rabbit polyclonal antibodies (Abcam,
Cambridge, UK). After four washes in TBS, 10 min each, the
membranes were incubated for 1 h at 37°C with horseradish
peroxidase (HRP)-conjugated goat anti-rabbit IgG (Beijing ZhongShan
Biotechnology CO., LTD, Beijing, China). Speciﬁc proteins were
detected using an ECL kit (Amersham Biosciences, Buckinghamshire,
England) and AlphaImager (FluorChem5500, Alpha Innotech, San
Leandro, CA). Protein expression levels were analyzed by 2D Elite
Image Master software (GE Healthcare, San Francisco, CA, USA).
2.4. Plasmid construction and pronuclear injection
For the construction of theC2-Coﬂ1-S3Aplasmid,mutant S3A-coﬁlin
cDNAs were generated by site-directed mutagenesis, where the TCTbases were replaced with GCT resulting in an Ala instead of a Ser.
Ampliﬁed fragments were subcloned into the HandIII–BamHI site of the
vector pEGFP-C2 plasmid (Clontech, Basingstoke, UK). The sequence of
the constructwas conﬁrmedby sequence analysis of both strands. Then,
plasmids were isolated and puriﬁed using the EndoFree Plasmid Maxi
Kit (QIAGEN, Hilden, Germany). Several picoliters of the DNA solution
were microinjected into the male pronuclei of 1-cell embryos. Embryos
microinjected with the pEGFP-C2 plasmid served as controls. Embryos
were then cultured in CZB medium at 37°C in a humidiﬁed atmosphere
of 5%CO2 in air. Allmicromanipulationprocedureswereperformedwith
Nikon manipulators.
2.5. Coﬁlin1 siRNA microinjection and in vitro culture
Zygotes with pronuclei were obtained and denuded of cumulus
cells. siRNAs against coﬁlin1 mRNA (siRNA ID No.60554, 60743, and
160172, respectively; Ambion, Inc.) were synthesized from 21-nt
sense and antisense RNAs followed by an annealing step. The siRNA
was diluted with buffer (Ambion) to a ﬁnal concentration of 100 μM
and stored at −20°C. Approximately 10 pl of individual siRNA was
microinjected into the cytoplasm of zygotes by observing the distance
of displacement traveled by the mercury front along a length of the
known internal pipette diameter; the results corresponded well with
previous measurements. Control zygotes were microinjected with the
same amount of Neg Control siRNA (ID No.4605. Ambion, Inc.).
Relative expression of coﬁlin1, by real-time quantitative PCR
performed on the ABI Prism 7300 System (Applied Biosystems, Foster
City, CA), was carried out with SuperScript™ III Platinum CellsDirect
Two-Step qRT-PCR Kit with SYBR Green (Invitrogen, Carlsbad, CA).
Relative fold changes were calculated by comparing the Ct values
between the target genes, using actin as the reference guide. The
2ΔΔCt method was used to analyze relative changes in gene
expression between groups [29]. Subsequently, the siRNA with the
highest knockdown efﬁciency of about 90% was selected for
microinjection (Supplement 1). Oocytes were cultured until the
blastocyst stage at 37 °C in a 5% CO2 atmosphere. Approximately 75 h
after hCG injection, the number of compacted embryos was counted
and a compaction ratio was calculated. To examine the expression of
E-cadherin, embryos were microinjected in the same way and
collected at the same time-point during compaction. Immunoﬂuo-
rescence and confocal microscopy observation were conducted as
mentioned above using anti-E-cadherin rabbit antibodies (cell
signaling, Danvers, MA).
2.6. Single blastomere injection and live cell imaging
Two-cell stage embryos were ﬂushed from the female reproduc-
tive tract. One of the two blastomeres was injected with an anti-
coﬁlin1 antibody mixed with FITC-dextran (Sigma) and was used for
tracing. The embryos were grown on 35 mm Glass Bottom Dishes
(MatTek, CatNo. P35G-1.0-14-C). As compaction began, images of
development were acquired automatically using a Nikon TE2000E
inverted microscope ﬁtted with a ×10 Nikon Plan Fluor objective, a
Proscan II stage (Proscan, Prior) and a Nikon CCD camera. Fluores-
cence and differential interference contrast images were obtained
every 15 min during compaction. The microscope was housed in a
custom-designed 37°C chamber with humidiﬁed 5% CO2.
2.7. Scanning electron microscopy (SEM)
Scanning electron microscopy was used to examine the surface
morphology of siRNA-treated embryos with respect to the distribu-
tion of microvilli. The procedure used was modiﬁed from Ducibella et
al. [19]. Specimens selected for SEM were ﬁxed in 3% glutaraldehyde
in PBS buffer for 20 min. After extensive washing, the zona pellucida
of the ﬁxed embryos was removed. Embryos were then thoroughly
Fig. 1. (A–H′) Coﬁlin1 localized in the cortex of oocytes and preimplantation embryos. Immunoﬂuorescent localization of coﬁlin1 in M II oocytes (A), zygotes with pronuclei (B), 2-
cell embryos (C), 4-cell embryos (D), 8-cell embryos (E), uncompacted embryos (F), compacted embryo (G) and blastocysts (H). Panels A′–H′ represent the corresponding DIC
images. (I–K′) Mutually exclusive distribution of ﬁlaments (I–K) and coﬁlin1 (I′–K′). Compacting embryos were classiﬁed as with indistinct cell outlines but still visible among at
least three cells. Compacted embryos were deﬁned as with no visible cell outlines. Some blastomeres were outlined in blue to make them more distinguishable (F′).
Fig. 2. Decreased coﬁlin1 expression at the morula stage compared to the 4-cell embryo
stage was observed by Western blotting (A). The relative protein expression of coﬁlin1
to tubulin (B). The values shown representmean±standard error from three replicates.
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through a series of graded alcohols. They were then processed by
critical-point drying, gold coated, and observed with a FEI Quanta 200
microscope.
2.8. Embryo assessment
Compaction is one time-lasting progress, and embryos are usually
divided into several groups according to their morphology [30,31].
Likewise we classiﬁed embryos into ‘compacting’ in which cell
outlines were indistinct but still visible between at least three cells;
and ‘compacted’ ones in which no cell outlines were visible.
2.9. Statistical analysis
Paired Student's t-tests were performed to assess the differences
of the embryo compaction ratios between the siRNA and control
groups. The ratios were ﬁrst arcsine-root transformed to assure
approximation of normality. The data are given as mean±SEM. The
number of embryos examined is indicated as (n). Pb0.05 was
considered statistically signiﬁcant.
Generalized estimating equation (GEE) models were used for statis-
tical comparisons of the E-cadherin expression between RNAi-treated
and control embryos. Pb0.05 was considered statistically signiﬁcant.
3. Results
3.1. Expression and location of coﬁlin1 in mouse oocyte and early
embryos
In our previous research on mouse oocyte proteomics, we
demonstrated the existence of both the non-phosphorylated andphosphorylated forms of coﬁlin1 in mouse oocytes using two-
dimension (2-DE) electrophoresis and ﬂuorescently labeled Pro-Q
Diamond dye [32]. In the present study, we have studied the location
and expression proﬁles of coﬁlin1 in mouse oocytes and preimplan-
tation embryos by confocal observation. Coﬁlin1 was primarily
concentrated in the cell cortex from the oocyte to 8-cell embryo
stages (Fig. 1A–H). Notably, when embryos reached the compacted
morula stage, its expression was suddenly decreased (Fig. 1G).
Western blotting analyses were performed to conﬁrm coﬁlin1 protein
levels. Due to the limited amount of material available, embryo
proteins were collected from 4-cell embryos andmorulae. The relative
amount of this protein inmorulaewas 72% of that at the 4-cell embryo
stage (n=3, Fig. 2).
Fig. 3. Immunoﬂuorescent localization of E-cadherin in RNAi-treated embryos (A, B)
and control embryos (C, D). Green, E-cadherin; red, chromatin.
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expression of microﬁlament and coﬁlin1 was examined in mouse
oocytes and embryos. Microﬁlaments mainly concentrated in regions
of cell contact and to a lesser extent at cell surfaces (Fig. 1I–K).
Meanwhile, coﬁlin1 was localized under the apical surface membrane
but was not detected at the contact zone (Fig. 1J′, K′). TheseFig. 4. A live cell imaging overview demonstrated earlier compaction with coﬁlin1 antibody
mixed with FITC-dextran (A, A′), and developed to 4-cell embryos (B, B′), compacting emb
injected with mixture of IgG and FITC-dextran, and the two parts compacted normally (K–Nobservations suggested that coﬁlin1 and microﬁlaments are mutually
exclusive at cell contact points.
3.2. Microinjection of siRNAs to coﬁlin1 accelerates compaction
To further investigate the role of coﬁlin1 in mouse embryos,
zygotes were microinjected with siRNA against coﬁlin1. Zygotes
injected with negative siRNA served as controls. Then we examined
the expression of E-cadherin, which has been demonstrated to be
involved in compaction. Confocal laser microscopy was used to
generate a z-series for each embryo to provide complete three-
dimensional information (Fig. 3). The difference of E-cadherin
expression between the treated group (mean±standard deviation
[SD]=85.74±23.76) and control group (mean±SD=73.40±14.05)
is statistically signiﬁcant using the GEE population-averaged model
(Pb0.001). On the other hand we observed the development of
embryos that cultured to the blastocyst stage. There were no
signiﬁcant differences in the ratio of embryos that developed to the
2-cell, 4-cell, morula and blastocyst stages between the treated group
(n=135) and control group (n=121): 96.2±2.4% vs. 99.0±1.0%,
89.8±4.6% vs. 92.6±1.0%, 81.7±4.9% vs. 87.9±1.1%, 56.0±9.0% vs.
69.7±4.6%. Noteworthy is that compactionwas initiated earlier in the
siRNA group compared to controls. The compaction ratio of embryos
microinjected with siRNA was markedly increased (66.1±3.0%)
compared to the negative siRNA group (56.4±5.6%) (Pb0.05).
3.3. Single blastomere injection and live cell imaging observation
Since compaction is a time-dependent event, we used time-lapse
video microscopy to monitor this process. Anti-coﬁlin1 antibody
mixed with FITC-dextran was microinjected into one of the
blastomeres of 2-cell embryos (Fig. 4A, A′). Control group was
conducted by injecting the mixture of IgG and FITC-dextran in theinjection. One blastomere of a 2-cell embryo was injected with anti-coﬁlin1 antibody
ryos (C–H′), compacted embryos (I, I′), and blastocysts (J, J′). The control embryo was
′). Panels A–N are DIC images. A′–N′ are merged images of DIC and ﬂuorescent photos.
Fig. 5. Effect of decreased coﬁlin1 expression on embryo compaction. Samples were stained for actin microﬁlaments to demonstrate polarity with ﬂuorescein-phalloidin (A, B, C).
There was apparent actin polarization on the outer surface of coﬁlin1 knockdown embryos (B, C), which was rarely seen in the controls (A). SEM observation showed the
accumulation of microvilli in coﬁlin1 knockdown embryos (D).
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inverted microscopy. Fluorescence and differential interference
contrast images were obtained every 15 min starting at 75 h post-
hCG injection (the period in which compaction occurs). Our results
indicated that the embryos microinjected with antibody undergo a
two-step compaction process. That is, the embryonic cells micro-
injected with anti-coﬁlin1 antibody exhibit earlier adherence prop-
erties compared to uninjected cells. There was no distinguishable
outline visible between the two sections; however, there was a clear
distinction between the rounded blastomeres that not exhibiting
ﬂuorescence, and one division process was recorded during the study
(Fig. 4C–H′). Meanwhile the two parts of the control embryo
compacted at the same time as shown in Fig. 4K–N′.
3.4. Inhibition of coﬁlin1 expression affects cytocortical microﬁlament
polarization
As coﬁlin1 functions by severing F-actin and affects cytocortical
microﬁlaments, we examined the cytoskeleton of siRNA-treated
embryos and controls using ﬂuorescein-phalloidin staining. Embryos
were collected at the same time-point during compaction, with eight
to ten blastomeres per embryo, and confocal laser microscopy was
used to generate a z-series for each embryo to provide completeFig. 6. The blastomeres expressing a Cﬂ1-S3A-EGFP fusion protein at D3.5 after fertilization
D4.5 (J–L) and at D5.5 (M–O). Panels A, D, G, J and M represent the DIC images. Panels B, E, Hthree-dimensional information. Confocal observation results indicat-
ed that embryonic cells with decreased coﬁlin1 expression develop
apical poles on the outer apical surface of blastomeres to a greater
extent than controls (68.6%, Fig. 5B, C vs. 27.6%, Fig. 5A respectively).
These results suggest that a decrease in coﬁlin1 expression may
promote the formation of the apical pole, further supporting the
contention that polarized cytocortical microﬁlaments are established
during blastomere ﬂattening and compaction. To further examine this
phenomenon, SEMwas conducted. Our results showed that microvilli
become restricted to the apical region in the coﬁlin1 knockdown
embryo (Fig. 5D).
3.5. Overexpression of Cﬂ1-S3A inhibits blastomere ﬂattening
and compaction
To explore the function of coﬁlin1 during embryo development,
the phosphorylation site Ser3 was site-directed mutated into Ala, and
reconstructed into a C2-Cﬂ1-S3A plasmid that would express a
constitutively active coﬁlin1. The reconstructed C2-Cﬂ1-S3A plasmid
and C2 plasmid, used as a control, were injected into the pronuclei of
zygotes. At the 8-cell stage, expression of Cﬂ1-S3A-EGFP fusion
protein was observed (Fig. 6A–C). Later these blastomeres showed
decreased adhesion to other blastomeres and failed in undergone(A–C), D4.5 (D–F) and D5.5 (G–I). The control blastomeres expressing EGFP protein at
, K and N represent the ﬂuorescent images; panels C, F, I, L and O are the merged images.
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D5.5 (Fig. 6G–I). In contrast, the control blastomeres expressing EGFP
protein became ﬂattened and compacted normally at D4.5 (Fig. 6J–L),
followed by normal development to blastocysts at D5.5 (Fig. 6M–O).
4. Discussion
The mouse preimplantation embryo consists of trophectoderm
and the inner cell mass (ICM). The trophectoderm will form
embryonic annexes, while the inner cell mass develops into the
embryo proper and some extraembryonic structures. Morphological
observations indicated that the polarization of blastomeres and
asymmetric divisions during the 8- to 16-cell stage are key events
for this divergence [6]. E-cadherin is known to participate in cell
adhesion in compacting mouse embryos, with the results that ICM is
not formed in E-cadherin knockouts [33]. Other studies also suggested
that commitment of cells into the ICM lineage is determined by the
polarity of the blastomeres at the 8-cell stage, which then undergo a
polarized cleavage division, and distribute Cdx2 inequally in inner and
outer blastomeres [34,35]. Additionally self-renewing trophoblast and
embryonic stem cell lines have been derived from these lineages,
suggesting that insight into themolecularmechanisms underlying the
ﬁrst lineage decision will extend our understanding of stem cell
biology [36-38]. However, themechanisms regulating polarization are
not well understood. Previous studies have indicated that the cell
surface and cortical changes initiated during compaction are the ﬁrst
manifestations of cell polarity during embryogenesis, and that there
may be unique protein functions involved in microvillar microﬁla-
ment polymerization [19]. Consequently, we decided to focus our
efforts on coﬁlin1, a protein involved in actin dynamics and cell
polarity in epithelial cells [27,39].
In the present study, we explored the expression patterns of
coﬁlin1 and its possible role in mouse preimplantation development.
We ﬁrst determined that coﬁlin was present in mouse preimplanta-
tion embryos using immunoﬂuorescence. The results revealed that
coﬁlin1 is mainly distributed in the cortical area, and its expression
markedly decreases during compaction. Previous research demon-
strated that the cytoplasmic actin in mouse 8-cell blastomeres take on
a progressive distribution pattern, from a focal-type to zonular and
polar actin patterns, and that the detection of polar actin precedes the
appearance of surface polarity by 2–4 h [40]. The precise mechanisms
that coordinate cytoplasmic and cortical actin formation and
establishment of surface polarity have not been thoroughly investi-
gated. Our results indicated that coﬁlin1 showed differential expres-
sion in a stage-speciﬁc manner and that compaction is the inﬂection
point at which coﬁlin1 expression starts to decrease, suggesting that
coﬁlin1 may be a key regulator of cytoskeleton architecture during
this process.
Coﬁlin1 is a member of the ADF/coﬁlin protein family, which
mainly localizes to regions of rapid actin dynamics, such as yeast
cortical actin patches, neuronal growth cones, and the leading edge
and rufﬂing membranes of motile cells [41]. It has been shown to
enhance the rate of monomer dissociation from the pointed end of
actin ﬁlaments and sever actin ﬁlaments that directly generate free
actin barbed ends [42,43]. Phosphorylation acts as a functional switch
of coﬁlin1, and the severing and depolymerization activities of coﬁlin1
can be inhibited by phosphorylation at Ser3 by LIM or TES kinases
[24,44]. Typically, active coﬁlin1 locates to the cell periphery and the
inactive, phophorylated form of coﬁlin1 is distributed in the
cytoplasm [45].
Our immunoﬂuorescence results indicated that coﬁlin1 expression
levels decrease at the time of compaction. Based on this result, we
microinjected siRNA against coﬁlin1 to examine its function during
this process. Knockdown of coﬁlin1 expression promotes E-cadherin
expression, and the compaction rate of embryos microinjected with
double-stranded siRNA was signiﬁcantly higher than the negativecontrol group, suggesting that decreased expression level of coﬁlin1
can accelerate compaction. At the same time, our live cell imaging
results also suggested that the blastomeres with decreased coﬁlin1
content occurred prior to the establishment of polarity. Therefore, we
assayed epithelial polarity by virtue of ﬂuorescein-phalloidin staining
and scanning electron microscopy, and observed a dense apical
location of microvilli on the external face of the blastomeres in the
coﬁlin1 knockdown embryos. During compaction, the cell cortex is
modiﬁed in such a way that microvilli, which are uniformly
distributed before the 8-cell stage, disappear from cell contact areas
and are stabilized at the apex of the blastomere to form a pole of
microvilli [46]. A similar phenomenon has also been observed in
human compacted embryos, bovine and rabbit embryos, and it is well
documented that the appearance of the apical pole represents a
polarized state in the blastomere [47]. As coﬁlin1 functions in ﬁlament
dynamics, we speculated that a reduction of coﬁlin1 expression may
contribute to the formation of the apical pole and might establish
polarized cytocortical microﬁlaments during blastomere ﬂattening
and compaction.
A number of studies have indicated that compaction is associated
with protein phosphorylation [48-50], and phosphorylation of coﬁlin1
on serine 3 is a key event in the regulation of subcellular distribution,
as well as interactionwith actin in vivo [45]. Therefore, we used a site-
directed mutated plasmid, in which serine was replaced by alanine,
resulting in a nonphosphorylated state and persistent activation.
Blastomeres overexpressing the Cﬂ1-S3A-EGFP fusion protein main-
tained a rounded-shape and did not exhibit a ﬂattened appearance.
Moreover, these blastomeres remained isolated from other compact-
ing or compacted cells, and did not adhere to one another. As cell
contacts have already been demonstrated to affect the orientation of
the axis of polarity [51,52] and cellular response to contact with other
blastomeres involves a local change in cytoskeletal organization [53],
it is possible that the active S3A mutant conformation disturbed
cortical cytoskeleton architecture for cell adherence, further prevent-
ing cell polarization. In addition, coﬁlin regulation of actin dynamics
involves a complex balance between phosphatases and LIM kinases
that maintain equilibrium between actin-network maintenance and
treadmilling enhancement [54]. The complex regulatory mechanisms
modulating coﬁlin1 phosphorylation during compaction are not well
understood and warrant further study.
In summary, our research has demonstrated that decreased
coﬁlin1 expression is important for cell adherence and polarization
during embryo compaction. These results will help us to better
understand the regulation of both cell shape modiﬁcations and
polarity changes during embryo compaction.
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